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POWER GENERATING DEVICE

PRIORITY AND INCORPORATION BY
REFERENCE

This application is a continuation application of U.S.
patent application Ser. No. 13/606,695, filed on Sep. 7, 2012,
which claims priority to each of Japanese Patent Applications
No. 2011-198354 and 2011-198380 each filed on Sep. 12,
2011, Japanese Patent Application No. 2011-253598 filed on
Nov. 21, 2011, and Japanese Patent Application No. 2012-
073987 filed on Mar. 28, 2012. The disclosures of each of the
above applications is hereby incorporated by reference in
their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power generating device
in which rotation of a main shaft by external force is increased
in speed with speed up gears to drive a generator.

2. Description of the Related Art

The speed up gears are used for a wind power generating
device in order that wind force is received with blades to
rotate the main shaft that is connected to the blades and the
rotation of the main shaft is increased in speed to drive the
generator. As shown in FIG. 16, the speed up gears 202
include a planetary gear mechanism 203 that receives the
rotation of a main shaft 200 to increase the speed, a high-
speed gear mechanism 204 that receives the rotation of which
the speed is increased by the planetary gear mechanism 203
and further increases the speed of the rotation, and an output
shaft 205 that outputs running torque of the high-speed gear
mechanism 204.

The planetary gear mechanism 203 is constructed such that
when an input shaft 203a that is coupled to the main shatft 200
s0 as to be capable of rotating together rotates, a planet carrier
2035 also rotates, and therefore a sun gear 2034 rotates with
increased speed through a planet gear 203¢, and the rotation is
transmitted to a low-speed shaft 2044 of the high-speed gear
mechanism 204. The high-speed gear mechanism 204 is con-
structed to rotate an intermediate shaft 2044 with increased
speed through the low-speed gear 2045 and a first intermedi-
ate gear 204¢ when the low-speed shaft 204a rotates and
further rotate the output shaft 205 with increased speed
through a second intermediate gear 204e and a high-speed
gear 204f. As respective bearings for rotatably supporting the
low-speed shaft 204a, the intermediate shaft 2044, and the
output shatt 205 of the speed up gears 202, roller bearings 206
to 211 are frequently used (see Japanese Patent Application
Publication No. 2007-232186 (JP 2007-232186 A), for
example).

In addition, a wind power generating device that receives
wind force with blades to rotate the main shaft which is
connected to the blades and increases the speed of the rotation
of the main shaft to drive the generator is known. The speed
up gears for increasing the rotation of the main shaft in speed
includes, as shown in FIG. 16 for example, a planetary gear
mechanism 203 that increases the speed of the rotation which
is received from a main shaft 200, a high-speed gear mecha-
nism 204 that further increases the speed of the rotation which
is received from the planetary gear mechanism 203, and an
output shaft 205 that outputs running torque of the high-speed
gear mechanism 204. The output shaft 205 is coupled to a
drive shaft of the generator (not shown) so as to be capable of
transmitting drive power.
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The planetary gear mechanism 203 is constructed such that
when the rotation of the main shaft 200 is transmitted to the
input shaft 2034, the planet carrier 2035 rotates, and therefore
the sun gear 2034 rotates with increased speed through the
planet gear 203c¢, and the rotation is transmitted to the low-
speed shaft 204a of the high-speed gear mechanism 204. In
addition, the high-speed gear mechanism 204 is constructed
to rotate the intermediate shaft 2044 with increased speed
through the low-speed gear 2045 and the first intermediate
gear 204¢ when the rotation is transmitted from the planetary
gear mechanism 203 to the low-speed shaft 2044 rotates and
further rotate the output shaft 205 with increased speed
through the second intermediate gear 204e and the high-
speed gear 204/

As respective bearings for rotatably supporting the low-
speed shaft 2044, the intermediate shaft 2044, and the output
shaft 205 of the speed up gears 202, roller bearings 206 to 211
are frequently used (see JP 2007-232186 A, for example).

SUMMARY OF THE INVENTION

Inthe wind power generating device, smearing (a phenom-
enon in which surface layer seizure is generated) on the
rolling contact surface of a roller or a raceway surface of a
turning wheel is generated in the roller bearing that supports
the output shaft which rotates at high speed, and therefore
lifetime of the roller bearing may decrease. The object of the
present invention is to provide a power generating device that
can effectively prevent the smearing from generating in the
roller bearing that supports the output shaft of the speed up
gears.

The inventor of the present application eagerly studied
about generating mechanism of the smearing. As a result, the
inventor has found that when the rotation speed of the main
shaft rapidly decreases by the decrease of the wind force, the
rotation speed of the drive shaft of the generator exceeds the
rotation speed of the output shaft by inertia of the rotor of the
generator which has heavy weight, and therefore so-called
torque loss (load loss) occurs, the radial load that is applied to
the roller bearing which supports the output shaft is reduced
through the torque loss, sliding friction drag between the
roller and the cage that holds the roller exceeds the rolling
friction drag between the roller of the roller bearing and the
turning wheel, and thus the rotation of the roller is delayed.
The inventor has also found that when the rotation speed of
the main shaft rapidly increases by the increase of the wind
power from the state described above, inertia torque from the
increased rotation speed is added to increase the radial load
that is applied to the roller bearing which supports the output
shaft, and therefore the roller slips on the contact surface with
the turning wheel in a state in which high load is applied to the
roller at the moment, the temperature of the contact surface
rises, and thus the smearing is generated. The inventor accom-
plished the invention of the present application based on the
findings.

Aspects of the present invention relate to a power generat-
ing device. The power generating device includes: speed up
gears including a main shaft that rotates by external force, a
rotation transmission mechanism that receives rotation of the
main shaft to increase speed of the rotation of the main shaft,
and aroller bearing that rotatably supports an output shaft that
outputs running torque of the rotation transmission mecha-
nism; a generator including a drive shaft which is rotated by
receiving rotation of the output shaft and configured to gen-
erate electricity in connection with rotation of a rotor which
rotates together with the drive shaft; an input rotor provided to
the output shaft to be capable of rotating together with the
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output shaft; an output rotor provided to the drive shaft to be
capable of rotating together with the drive shaft and concen-
trically arranged on a radial inside or a radial outside of the
input rotor; and a one-way clutch disposed between the input
rotor and the output rotor, the one-way clutch being config-
ured to connect the input rotor with the output rotor to rotate
together with the input rotor and the output rotor when a
rotation speed of the input rotor exceeds a rotation speed of
the output rotor, and the one-way clutch being configured to
release a connection between the input rotor and the output
rotor when the rotation speed of the input rotor falls below the
rotation speed of the output rotor.

According to the power generating device that is con-
structed as described above, the one-way clutch can connect
the input rotor with the output rotor so as to be capable of
rotating together when the rotation speed of the input rotor
exceeds the rotation speed of the output rotor and releases the
connection between the input rotor and the output rotor when
the rotation speed of the input rotor falls below the rotation
speed ofthe output rotor. That is to say, even when the rotation
speed of the output shaft rapidly falls by a drop in the external
force through the main shaft, the rotation of the rotor of the
generator by inertia can be prevented from being transmitted
to the output shaft through the drive shaft. Accordingly, the
decrease in radial load that is applied to the roller bearing
which supports the output shaft and rotation delay of the roller
in association with the decrease in the radial load can be
inhibited. Therefore, when the rotation speed of the main
shaft rapidly increases by the change in the external force
from the state described above, and high load is applied to the
roller, the roller hardly slips on the contact surface with the
turning wheel, and therefore the smearing on the roller bear-
ing can be effectively prevented from generating.

The power generating device may include a rolling bearing
disposed between the input rotor and the output rotor and
configured to support the input rotor and the output rotor so
that the input rotor and the output rotor relatively rotate with
each other. The one-way clutch may include an outer periph-
eral surface of an inner ring, an inner peripheral surface of an
outer ring, and a roller arranged in each of plural wedge-
shaped spaces formed between the outer peripheral surface of
the inner ring and the inner peripheral surface of the outer
ring. The one-way clutch may be configured to connect the
input rotor with the output rotor to rotate together with the
input rotor and the output rotor by engaging the roller with the
outer peripheral surface of the inner ring and the inner periph-
eral surface of the outer ring, and the one-way clutch may be
configured to release the connection between the input rotor
and the output rotor by disengaging engagement of the roller
with the outer peripheral surface of the inner ring and the
inner peripheral surface of the outer ring. In this case, due to
production of spacing between the inner ring outer peripheral
surface and the outer ring inner peripheral surface when the
engagement of the roller of the one-way clutch with the inner
ring outer peripheral surface and the outer ring inner periph-
eral surface is disengaged, the relative movement of the input
rotor and the output rotor with each other in the radial direc-
tion can be prevented by the rolling bearing. Therefore, the
input rotor and the output rotor can be prevented from rattling
in the radial direction during the operation of the power
generating device.

The one-way clutch may include an annular cage config-
ured to hold the plural rollers at specified spacing along a
circumferential direction, a pair of the rolling bearings may
be disposed between the input rotor and the output rotor, and
the paired rolling bearings may be arranged on respective
axial sides of the one-way clutch so that each of the paired
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rolling bearings is adjacent to the one-way clutch and an axial
end of each of the paired rolling bearings is capable of coming
into contact with a corresponding one of axial end faces ofthe
annular cage of the one-way clutch. In this case, the axial end
faces of the cage of the one-way clutch come into contact with
the axial ends of a pair of the rolling bearings, and therefore
the movement of the cage to the axial sides can be restricted.

The paired rolling bearings may be a pair of cylindrical
roller bearings that include plural cylindrical rollers and a
portion with which end faces of the plural cylindrical rollers
in an axial direction come into sliding contact, and the axial
end faces of the annular cage may come into contact with the
portion in the pair of the cylindrical roller bearings. In this
case, the inner ring rib of the rolling bearing can be used as a
member that restricts the axial movement of the cage, and
therefore the structure of the rolling bearing can be simplified.

The inner peripheral surface of the outer ring of the one-
way clutch may be a cylindrical surface, the cylindrical roller
bearing may include a raceway surface of an outer ring of the
cylindrical roller bearing where the cylindrical roller bearing
rolls, the output rotor may be arranged on a radial outside of
the input rotor, and the inner peripheral surface of the outer
ring of the one-way clutch and the raceway surface may be
formed in an inner peripheral surface of the output rotor. In
this case, the output rotor can be used as the outer ring that has
the outer ring inner peripheral surface of the one-way clutch
and the outer ring that has the outer ring raceway surface of
the respective cylindrical roller bearing, and therefore the
structure of the entire wind device can be simplified.

The output rotor may be removably secured to the drive
shaft and arranged to be movable in the axial direction with
respect to the input rotor. In this case, the output rotor can be
removed from the input rotor when the output rotor is
removed from the drive shaft and moved in the axial direction
with respect to the input rotor. Accordingly, the outer ring of
the one-way clutch and the outer ring of the cylindrical roller
bearing can be removed at the same time, and therefore main-
tenance tasks of the one-way clutch and the cylindrical roller
bearing can easily be done. In this case, there is no need to
move the generator, and therefore the maintenance tasks can
be done more easily.

According to the power generating device of the present
invention, the smearing can be effectively prevented from
generating in the roller bearing that supports the output shaft
of'the speed up gears.

In the power generating device, when burn-out of the gen-
erator occurs, the drive shaft becomes hard to rotate, the
transmission torque from the output shaft to the drive shaft
becomes excessively high, and the speed up gears receives
overload, and therefore there is a possibility that the speed up
gears may be damaged.

The present invention provides a power generating device
that can effectively prevent the smearing from generating in
the roller bearing which supports the output shaft of the speed
up gears and reduces the load that is applied to the speed up
gears in a case where the transmission torque from the output
shaft to the drive shaft of the generator becomes excessively
high.

In the power generating device described above, the one-
way clutch may be provided with a torque limiter configured
to release the connection between the input rotor and the
output rotor when transmission torque from the input rotor to
the output rotor exceeds an upper limit.

According to the power generating device that is con-
structed as described above, the one-way clutch can connect
the input rotor with the output rotor so as to be capable of
rotating together when the rotation speed of the input rotor
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exceeds the rotation speed of the output rotor and releases the
connection between the input rotor and the output rotor when
the rotation speed of the input rotor falls below the rotation
speed ofthe output rotor. That is to say, even when the rotation
speed of the output shaft rapidly falls by a drop in the external
force through the main shaft, the rotation of the rotor of the
generator by inertia can be prevented from being transmitted
to the output shaft through the drive shaft. Accordingly, the
decrease in radial load that is applied to the roller bearing
which supports the output shaft and rotation delay of the roller
in association with the decrease in the radial load can be
inhibited. Therefore, when the rotation speed of the main
shaft rapidly increases by the change in the external force
from the state described above, and high load is applied to the
roller, the roller hardly slips on the contact surface with the
turning wheel, and therefore the smearing on the roller bear-
ing can be effectively prevented from generating.

In addition, the one-way clutch is provided with the torque
limiter, and therefore when the drive shaft becomes hard to
rotate by the burn-out of the generator, and the transmission
torque from the input rotor on the side of the output shaft to
the output rotor on the side of the drive shaft exceeds the
upper limit (the input rotor is connected to the output rotor to
be put into a locked state), the torque limiter can release the
connection between the input rotor and the output rotor.
Accordingly, the load that is applied to the speed up gears can
be reduced, and the speed up gears can be prevented from
being damaged. In addition, because the one-way clutch is
provided with the torque limiter, a simplification and size
reduction of the structure can be put into practice in compari-
son with a case where the one-way clutch and the torque
limiter are provided separately.

The one-way clutch may include an inner peripheral sur-
face of an outer ring provided to one of the input rotor and the
output rotor, an outer peripheral surface of an inner ring
provided to another of the input rotor and the output rotor and
configured to form plural wedge-shaped spaces in a circum-
ferential direction with the inner peripheral surface of the
outer ring, and a roller arranged in each of the plural wedge-
shaped spaces; the one-way clutch may be configured to
connect the input rotor with the output rotor to rotate together
with the input rotor and the output rotor by engaging the roller
with the outer peripheral surface of the inner ring and the
inner peripheral surface of the outer ring, the one-way clutch
may be configured to release the connection between the
input rotor and the output rotor by disengaging engagement of
the roller with the outer peripheral surface of the inner ring
and the inner peripheral surface of the outer ring; and the
torque limiter may be provided with an accommodating
recess that is formed in the outer peripheral surface of the
inner ring, and that accommodates the roller separated from
the wedge-shaped space, when the transmission torque
exceeds the upper limit, to disengage the engagement of the
roller with the outer peripheral surface of the inner ring and
the inner peripheral surface of the outer ring.

According to the above structure, when transmission
torque from the input rotor to the output rotor exceeds an
upper limit, the roller that is separated from the wedge-like
space is accommodated in the accommodating recess, and the
engagement of the roller with the inner ring outer peripheral
surface and the outer ring inner peripheral surface is disen-
gaged. Therefore, the connection from the input rotor to the
output rotor can be released appropriately.

The outer peripheral surface of the inner ring may be pro-
vided in the input rotor, and the torque limiter may be pro-
vided with a separation prevention device that prevents the
roller in the accommodating recess from being separated
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from the accommodating recess by centrifugal force due to
rotation of the input rotor. When the input rotor rotates in a
state where the roller is accommodated in the accommodating
recess, and the roller moves out of the accommodating recess
by the centrifugal force, there is a possibility of the engage-
ment of the roller with the inner ring outer peripheral surface
and the outer ring inner peripheral surface again. However,
the torque limiter of the present invention includes the sepa-
ration prevention device that prevents the roller from being
separated from the accommodating recess, and therefore such
the problems can be solved.

The separation prevention device may be constructed such
that a restricting section that restricts the movement of the
roller accommodated in the accommodating recess to the
radial outside is protruded in an edge of the accommodating
recess in the circumferential direction. According to such the
structure, if the roller is separated from the accommodating
recess to the radial outside by centrifugal force due to the
rotation of the input rotor, the control section becomes an
obstacle to prevent the separation. Therefore, the engagement
of the roller with the inner ring outer peripheral surface and
the outer ring inner peripheral surface again can be prevented
suitably.

A pocket configured to be capable of accommodating the
roller may be provided between the outer peripheral surface
of the inner ring and the inner peripheral surface of the outer
ring; a cage configured to hold the rollers at specified spacing
along the circumferential direction and an elastic member
configured to bias the roller in the pocket toward a narrowing
direction of the wedge-shaped space may be provided
between the outer peripheral surface of the inner ring and the
inner peripheral surface of the outer ring; and the accommo-
dating recess may be formed to have a depth in which the
roller is positioned in a radial inside with respect to the elastic
member. According to the above structure, when the roller
separates from the pocket of the cage to enter into the accom-
modating recess, the elastic member extends to be positioned
in the radial outside of the roller. Therefore, if the roller is
separated from the accommodating recess to the radial out-
side by centrifugal force in association with the rotation of the
input rotor, the elastic member becomes an obstacle, and the
separation can be prevented.

The elastic member may be provided with a block member
that blocks at least a part of the accommodating recess that
accommodates the roller. According to the above structure,
when the elastic member is disposed in the radial outside of
the roller that enters into the accommodating recess as
described above, the block member can block at least a part of
the accommodating recess and securely prevent the separa-
tion of the roller.

According to the power generating device of the present
invention, the smearing can be effectively prevented from
generating in the roller bearing which supports the output
shaft of the speed up gears, and the load that is applied to the
speed up gears can be reduced in a case where the transmis-
sion torque from the output shaft to the drive shaft of the
generator becomes excessively high. In addition, according to
the one-way clutch of the present invention, when the trans-
mission torque from the input shaft to the output shaft of the
generator becomes excessively high, the connection between
the input rotor and the output rotor can be preferably released,
and furthermore the separation of the roller from the accom-
modating recess by centrifugal force due to the rotation of the
input rotor and the engagement of the roller with the inner
ring outer peripheral surface and the outer ring inner periph-
eral surface can be prevented.



US 9,322,395 B2

7

In the wind power generating device, smearing (a phenom-
enon in which surface layer seizure is generated) on the
rolling contact surface of a roller or a raceway surface of a
turning wheel is generated in the roller bearing that supports
the output shaft which rotates at high speed, and therefore
lifetime of the roller bearing may decrease. The present
invention provides a power generating device that can effec-
tively prevent the smearing from generating in the roller
bearing that supports the output shaft of the speed up gears.

The power generating device may include an inertia mass
provided to be capable of rotating together with the output
rotor.

According to the power generating device that is con-
structed as described above, the one-way clutch can connect
the input rotor with the output rotor so as to be capable of
rotating together when the rotation speed of the input rotor
exceeds the rotation speed of the output rotor and releases the
connection between the input rotor and the output rotor when
the rotation speed of the input rotor falls below the rotation
speed ofthe output rotor. That is to say, even when the rotation
speed of the output shaft rapidly falls by a drop in the external
force through the main shaft, the rotation of the rotor of the
generator by inertia can be prevented from being transmitted
to the output shaft through the drive shaft. Accordingly, the
decrease in radial load that is applied to the roller bearing
which supports the output shaft and rotation delay of the roller
in association with the decrease in the radial load can be
inhibited. Therefore, when the rotation speed of the main
shaft rapidly increases by the change in the external force
from the state described above, and high load is applied to the
roller, the roller hardly slips on the contact surface with the
turning wheel, and therefore the smearing on the roller bear-
ing can be effectively prevented from generating.

In addition, the output rotor is provided with the inertia
mass so as to be capable of rotating together, and therefore the
inertia moment of the output rotor can be increased. Accord-
ingly, the one-way clutch releases the connection between the
input rotor and the output rotor, and when the output rotor
rotates with decreased speed due to the inertia of the rotor, the
angular acceleration by the deceleration becomes small.
Therefore, the rotation speed of the output rotor can be pre-
vented from rapidly decreasing. That is to say, even when the
rotation speed of the main shaft rapidly falls by a drop in the
external force, the rotor of the generator does not rapidly
decreases the rotation speed in association with the output
rotor but continues to rotate by the inertia, and therefore the
average rotation speed of the rotor can be increased. There-
fore, power generation efficiency of the generator can be
improved.

The power generating device may include a rolling bearing
disposed between the input rotor and the output rotor and
configured to support the input rotor and the output rotor so
that the input rotor and the output rotor relatively rotate with
each other. The one-way clutch may include, an outer periph-
eral surface of an inner ring, an inner peripheral surface of an
outer ring, and a roller arranged in each of plural wedge-
shaped spaces formed between the outer peripheral surface of
the inner ring and the inner peripheral surface of the outer
ring. The one-way clutch may be configured to connect the
input rotor with the output rotor to rotate together with the
input rotor and the output rotor by engaging the roller with the
outer peripheral surface of the inner ring and the inner periph-
eral surface of the outer ring. The one-way clutch may be
configured to release the connection between the input rotor
and the output rotor by disengaging engagement of the roller
with the outer peripheral surface of the inner ring and the
inner peripheral surface of the outer ring. In this case, due to
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production of spacing between the inner ring outer peripheral
surface and the outer ring inner peripheral surface when the
engagement of the roller of the one-way clutch with the inner
ring outer peripheral surface and the outer ring inner periph-
eral surface is disengaged, the relative movement of the input
rotor and the output rotor with each other in the radial direc-
tion can be prevented by the rolling bearing. Therefore, the
input rotor and the output rotor can be prevented from rattling
in the radial direction during the operation of the power
generating device.

The one-way clutch may include an annular cage config-
ured to hold the plural rollers at specified spacing along a
circumferential direction, and a pair of the rolling bearings
may be disposed between the input rotor and the output rotor.
The paired rolling bearings may be arranged on respective
axial sides of the one-way clutch so that each of the paired
rolling bearings is adjacent to the one-way clutch and an axial
end of each of the paired rolling bearings is capable of coming
into contact with a corresponding one of axial end faces ofthe
annular cage of the one-way clutch. In this case, the axial end
faces of the cage of the one-way clutch come into contact with
the axial ends of a pair of the rolling bearings, and therefore
the movement of the cage to the axial sides can be restricted.

The pair of the rolling bearings may be a pair of cylindrical
roller bearings that include plural cylindrical rollers and a
portion with which end faces of the plural cylindrical rollers
in an axial direction come into sliding contact, and the axial
end faces of the annular cage may come into contact with the
portion in the pair of the cylindrical roller bearings. In this
case, the inner ring rib of the rolling bearing can be used as a
member that restricts the axial movement of the cage, and
therefore the structure of the rolling bearing can be simplified.

The inner peripheral surface of the outer ring of the one-
way clutch may be a cylindrical surface, the cylindrical roller
bearing may include a raceway surface of an outer ring of the
cylindrical roller bearing where the cylindrical roller bearing
rolls, the output rotor may be arranged on a radial outside of
the input rotor, and the inner peripheral surface of the outer
ring of the one-way clutch and the raceway surface may be
formed in an inner peripheral surface of the output rotor. In
this case, the output rotor can be used as the outer ring that has
the outer ring inner peripheral surface of the one-way clutch
and the outer ring that has the outer ring raceway surface of
the respective cylindrical roller bearing, and therefore the
structure of the entire wind device can be simplified.

The output rotor may be removably secured to the drive
shaft and arranged to be movable in the axial direction with
respect to the input rotor. In this case, the output rotor can be
removed from the input rotor when the output rotor is
removed from the drive shaft and moved in the axial direction
with respect to the input rotor. Accordingly, the outer ring of
the one-way clutch and the outer ring of the cylindrical roller
bearing can be removed at the same time, and therefore main-
tenance tasks of the one-way clutch and the cylindrical roller
bearing can easily be done. In this case, there is no need to
move the generator, and therefore the maintenance tasks can
be done more easily.

The power generating device may include: an electromag-
netic clutch configured to connect the output rotor with the
inertia mass so that the output rotor and the inertia mass rotate
together during energization and to release the connection
between the output rotor and the inertia mass in non-energi-
zation; a detection device configured to detect the rotation
speed of the output rotor; and a control device configured to
control to put the electromagnetic clutch into non-energiza-
tion state at startup of rotation of the output rotor and to
control to energize the electromagnetic clutch when the
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detection device detects that the output rotor reaches a speci-
fied rotation speed after the startup of the rotation of the
output rotor. In this case, the electromagnetic clutch is not
energized and the connection between the output rotor and the
inertia mass is released until the output rotor reaches the
specified rotation speed at the startup of the rotation, and
therefore the running torque that is required to rotate the
output rotor up to the specified rotation speed can be reduced.
Accordingly, time that is required to rotate the rotor up to the
specified rotation speed through the output rotor and the drive
shaft can be reduced, and therefore the power generation
efficiency of the generator can be improved more. When the
detection means detects that the output rotor reaches the
specified rotation speed after the startup of the rotation of the
output rotor, the electromagnetic clutch is energized, and the
output rotor and the inertia mass are connected so as to be
capable of rotating together, and therefore the inertia moment
of the output rotor can be increased. Accordingly, when the
one-way clutch releases the connection between the input
rotor and the output rotor, the rotor of the generator does not
rapidly decreases the rotation speed in association with the
output rotor but continues to rotate by the inertia, and there-
fore the average rotation speed of the rotor can be increased.
Therefore, power generation efficiency of the generator can
be improved more.

The power generating device may include a viscous fluid
coupling disposed between the output rotor and the inertia
mass. The viscous fluid coupling may include; 1) viscous fluid
that transmits a running torque of the output rotor to the
inertia mass by viscous drag during low-speed rotation of the
output rotor, and ii) a centrifugal clutch mechanism that trans-
mits the running torque of the output rotor to the inertia mass
by using centrifugal force in association with high-speed
rotation of the output rotor during the high-speed rotation of
the output rotor. In this case, when the output rotor rotates at
low speed during the startup of the rotation, the running
torque of the output rotor is transmitted to the inertia mass by
viscous drag of the viscous fluid, and therefore the inertia
mass increases the speed with lower angular acceleration than
the angular acceleration of the output rotor. In other words,
inertia torque by the inertia mass which is applied to the
output rotor at the startup of the rotation of the output rotor
can be reduced, and therefore the running torque that is
required to increase the rotation speed of the output rotor up
to the specified rotation speed can be reduced. Accordingly,
time that is required to increase the rotation speed of the rotor
up to the specified rotation speed through the output rotor and
the drive shaft can be reduced, and therefore the power gen-
eration efficiency of the generator can be improved. In addi-
tion, when the output rotor reaches the specified rotation
speed to rotate at high speed, the running torque of the output
rotor is transmitted to the inertia mass through the centrifugal
clutch mechanism. Accordingly, the output rotor and the iner-
tia mass are connected so as to be capable of rotating together,
and therefore the inertia moment of the output rotor can be
increased. Therefore, when the one-way clutch releases the
connection between the input rotor and the output rotor, the
rotor of the generator does not rapidly decreases the rotation
speed in association with the output rotor but continues to
rotate by the inertia, and therefore the average rotation speed
of the rotor can be increased, and the power generation effi-
ciency of the generator can be improved more.

According to the power generating device of the present
invention, the smearing can be effectively prevented from
generating in the roller bearing that supports the output shaft
of the speed up gears.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, advantages, and technical and industrial sig-
nificance of this invention will be described in the following
detailed description of example embodiments of the inven-
tion with reference to the accompanying drawings, in which
like numerals denote like elements, and wherein:

FIG. 1 is a schematic side view that shows a power gener-
ating device according to a first and a second embodiments of
the present invention;

FIG. 2 is a cross-sectional view that shows a roller bearing
of speed up gears in the power generating device which is
shown in FIG. 1;

FIG. 3 is a cross-sectional view that shows a connection
part between an output shaft of the speed up gears and a drive
shaft of a generator in the power generating device according
to the first embodiment and shown in FIG. 1;

FIG. 4 is a cross-sectional view that shows a one-way
clutch in the power generating device according to the first
and a third embodiments;

FIG. 5 is a cross-sectional view that shows a connection
part between an output shaft of the speed up gears and a drive
shaft of a generator in the power generating device according
to the second embodiment and shown in FIG. 1;

FIG. 6 is a cross-sectional view that shows a one-way
clutch in the power generating device according to the second
embodiment and shown in FIG. 1;

FIG. 7 is a cross-sectional view that shows a part of the
one-way clutch in an enlarged scale according to the second
embodiment;

FIG. 8 is a cross-sectional view that shows in an enlarged
scale a part of the one-way clutch according to the second
embodiment in a state in which aroller is accommodated in an
accommodating recess;

FIG. 9 is a schematic side view that shows a power gener-
ating device according to the third embodiment of the present
invention;

FIG. 10 is a cross-sectional view that shows a connection
part between an output shaft of the speed up gears and a drive
shaft of a generator in the power generating device according
to the third embodiment and shown in FIG. 9;

FIG. 11 is a graph that shows a rotational fluctuation of an
output rotor in the power generating device according to the
third embodiment;

FIG. 12 is a graph that shows rotational fluctuations of the
output shaft which is shown in FIG. 10 and a rotor of the
generator,

FIG. 13 is a cross-sectional view that shows a connection
part between an output shaft of speed up gears and a drive
shaft of'a generator in a wind power generating device accord-
ing to a fourth embodiment of the present invention;

FIG. 14 is a cross-sectional view that shows a connection
part between an output shaft of speed up gears and a drive
shaft of'a generator in a wind power generating device accord-
ing to a fifth embodiment of the present invention;

FIG. 15 is a graph that shows rotational fluctuations of an
output rotor and an inertia mass in the wind power generating
device in FIG. 14; and

FIG. 16 is a cross-sectional view that shows the speed up
gears.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to attached drawings. FIG.
1 is a schematic side view that shows a power generating
device according to a first and a second embodiments of the
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present invention. The power generating device of the present
embodiment is a wind power generating device 1. The wind
power generating device 1 includes a main shaft 2 that rotates
by receiving wind force (external force), speed up gears 3 that
are coupled to the main shaft 2, and a generator 4 that is
coupled to the speed up gears 3. The rotation of the main shaft
2 is increased in speed by the speed up gears 3, and the
generator 4 is driven by rotative power with increased speed.

At a tip end of the main shaft 2, blades (not shown), for
example, are coupled so as to be capable of rotating together,
and the blades are constructed to receive the wind force to
rotate together with the main shaft 2. The generator 4 has a
drive shaft 41 that receives the rotative power with increased
speed by the speed up gears 3 to rotate, and a rotor 42 that is
installed in the generator 4, and a stator (not shown). The rotor
42 is coupled to the drive shaft 41 so as to be capable of
rotating together, and electricity is generated in connection
with the rotation of the drive shaft 41 and the driving of the
rotor 42.

The speed up gears 3 include a gear mechanism (rotation
transmission mechanism) 30 that receives the rotation of the
main shaft 2 to increase the speed of the rotation. The gear
mechanism 30 includes a planetary gear mechanism 31 and a
high-speed gear mechanism 32 that receives the rotation of
which the speed is increased by the planetary gear mechanism
31 and further increases the speed of the rotation. The plan-
etary gear mechanism 31 has an internal gear (ring gear) 31a,
plural planet gears 314 that are held by a planet carrier (not
shown) which is coupled to the main shaft 2 so as to be
capable of rotating together, and a sun gear 31¢ that meshes
with the planet gears 315. Accordingly, when the planet car-
rier rotates together with the main shaft 2, the sun gear 31c¢
rotates through the planet gears 315, and the rotation is trans-
mitted to a low-speed shaft 33 of the high-speed gear mecha-
nism 32.

The high-speed gear mechanism 32 includes the low-speed
shaft 33 that has a low-speed gear 334, an intermediate shaft
34 that has a first intermediate gear 34a and a second inter-
mediate gear 345, and an output shaft 35 that has a high-speed
gear 35a. The low-speed shaft 33 is formed with a large
rotating shaft of which the diameter is about 1 m and concen-
trically arranged with the main shaft 2. Both ends of the
low-speed shaft 33 in the axial direction are supported by
roller bearings 36a and 364 for rotation. The intermediate
shaft 34 is arranged above the low-speed shaft 33. Both ends
of the intermediate shaft 34 in the axial direction are sup-
ported by roller bearings 37a and 375 for rotation. The first
intermediate gear 34a on the intermediate shaft 34 meshes
with the low-speed gear 33a, and the second intermediate
gear 345 meshes with the high-speed gear 354. The output
shaft 35 is arranged above the intermediate shaft 34 and
adapted to output the running torque. Sides of one end 355
and another end (output end) 35¢ of the output shaft 35 in the
axial direction are respectively supported by roller bearings
38 and 39 for rotation.

According to the above structure, the rotation of the main
shaft 2 is increased in speed in three stages with a gear ratio of
the planetary gear mechanism 31, a gear ratio between the
low-speed gear 33a and the first intermediate gear 34a, and a
gear ratio between the second intermediate gear 345 and the
high-speed gear 35a. The running torque is output from the
output end 35¢ of the output shaft 35. Therefore, the rotation
of the main shaft 2 by the wind force is increased in speed in
three stages by the speed up gears 3 and adapted to drive the
generator 4.

FIG. 2 is a cross-sectional view that shows the roller bear-
ing 38 which supports one end 355 of the output shaft 35. In
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FIG. 2, the roller bearing 38 is formed by a cylindrical roller
bearing and includes an inner ring 38a that is fitted and fixed
onto the output shaft 35, an outer ring 385 that is fixed to a
housing (not shown), plural cylindrical rollers 38¢ that are
placed between the inner ring 384 and the outer ring 385 so as
to be capable of rolling, and an annular cage 384 that holds
respective cylindrical rollers 38¢ at specified spacing along
the circumferential direction. The inner ring 38a, the outer
ring 385, and the cylindrical roller 38¢ are made of bearing
steel, for example. The cage 384 is made of a copper alloy, for
example.

The inner ring 384 has an inner ring raceway surface 38al
that is formed at an axial center of the outer periphery. The
outer ring 385 is concentrically arranged with the inner ring
38a and has an outer ring raceway surface 3851 that is formed
atan axial center of the inner periphery and a pair of outer ring
ribs 3852 that are formed in axial sides of the outer ring
raceway surface 3851. The outer ring raceway surface 3851 is
arranged to face the inner ring raceway surface 38al. The
outer ring ribs 3852 are formed to protrude from both ends of
the inner periphery of the outer ring 385 in the axial direction
to an inner side in a radial direction. An end face of the
cylindrical roller 38¢ comes into sliding contact with the outer
ring ribs 38562.

The cylindrical roller 38c is placed between the inner ring
raceway surface 38a1 of the inner ring 38a and the outer ring
raceway surface 3851 of the outer ring 384 so as to be capable
of rolling. The cage 384 has a pair of annular sections 3841
that are separately placed in the axial direction and plural
column sections 3842 that are placed at equal spacing along
the circumferential direction of the annular sections 3841 to
connect both of the annular sections 3841. Pockets 3843 are
respectively formed between the pair of annular sections
3841 and the adjacent column sections 3842, and the respec-
tive cylindrical rollers 38¢ are placed in the pockets 3843.

As shown in FIG. 1, the wind power generating device 1
further includes an input rotor 5 that is provided so as to be
capable of rotating together with the output shaft 35 of the
speed up gears 3, an output rotor 6 that is provided so as to be
capable of rotating together with the drive shaft 41 of the
generator 4, a one-way clutch 7 that is disposed between the
input rotor 5 and the output rotor 6, and a pair of rolling
bearings 8 that are disposed on axial sides of the one-way
clutch 7. The one-way clutch 7 and the rolling bearings 8 are
constructed to transmit the rotation of the output shaft 35 to
the drive shaft 41 through the input rotor 5 and the output rotor
6. Here, the wind power generating device 1 of the present
embodiment is constructed such that the rolling bearings 8 are
disposed in the axial sides of the one-way clutch 7; however,
a rolling bearing 8 may be disposed in only one axial side of
the one-way clutch 7.

First, the first embodiment will be described. FIG. 3 is a
cross-sectional view that shows a connection part between the
output shaft 35 of the speed up gears 3 and the drive shaft 41
of'the generator 4. In FIG. 3, the input rotor 5 is concentrically
arranged with the output shaft 35 and has a flange section 51,
alarge diameter section 52, and a small diameter section 53 in
this order from one axial end (left end of FIG. 3) to another
axial end (right end of FIG. 3). The flange section 51 is formed
to extend to a radial outside beyond the outer peripheral
surface of the large diameter section 52 and removably
secured in the output end 35¢ of the output shaft 35. Specifi-
cally, the flange section 51 is fastened on a flange section 35¢1
that is formed in the output end 35¢ in an abutting state against
the flange section 35¢1 with a bolt and a nut (not shown). A
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spacing S1 is formed between the end face of the small
diameter section 53 and the end face of a flange section 41a of
the drive shaft 41.

The output rotor 6 is concentrically arranged on a radial
outside of the input rotor 5 and has a cylindrical section 61 and
a flange section 62 that is formed in another axial end (right
end of FIG. 3) of the cylindrical section 61. The flange section
62 is formed to extend to a radial outside beyond the outer
peripheral surface ofthe cylindrical section 61 and removably
secured in one end of the drive shaft 41. Specifically, the
flange section 62 is fastened on a flange section 41a that is
formed in one end of the drive shaft 41 in an abutting state
against the flange section 41a with a bolt and a nut (not
shown).

An inner peripheral surface of the cylindrical section 61 is
formed in a cylindrical surface. An annular seal member 10
for sealing an annular space between the cylindrical section
61 and the small diameter section 53 of the input rotor 5 is
disposed in the spacing between the inner peripheral surface
of'the cylindrical section 61 in one axial end (left end of FIG.
3) and the outer peripheral surface of the large diameter
section 52 of the input rotor 5. A spacing S2 is formed
between an end face of the cylindrical section 61 on one end
side and an end face of the flange section 51 of the input rotor
5 that faces the end face of the cylindrical section 61. Accord-
ingly, the output rotor 6 can move to both axial sides with
respect to the input rotor 5 in a state in which the output rotor
6 is separated from the drive shaft 41.

FIG. 4 is a cross-sectional view that shows the one-way
clutch 7. In FIG. 3 and FIG. 4, the one-way clutch 7 includes
an inner ring 71, an outer ring 72, and plural rollers 73 that are
disposed between an outer peripheral surface 71a of the inner
ring 71 and an inner peripheral surface 72a of the outer ring
72. The inner ring 71 is fitted and secured onto the axial center
of the small diameter section 53 of the input rotor 5 and
constructed to rotate together with the small diameter section
53. A region B in the axial center of the cylindrical section 61
of'the output rotor 6 is set as the outer ring 72 of the one-way
clutch 7. Therefore, the inner peripheral surface 724 is formed
in an inner peripheral surface of the cylindrical section 61 in
the region B. The rollers 73 are formed in a circular cylindri-
cal shape, and eight rollers are disposed in the circumferential
direction in the present embodiment.

The one-way clutch 7 further includes an annular cage 74
that holds respective rollers 73 at specified spacing along the
circumferential direction and plural elastic members 75 that
elastically bias the respective rollers 73 toward one direction.
The cage 74 has a pair of annular sections 74a that face each
other in the axial direction and plural column sections 745
that extend between both annular sections 74a in the axial
direction and are arranged at equal spacing in the circumfer-
ential direction to connect both annular sections 74a. Plural
pockets 74¢ are formed between both annular sections 74a
and the adjacent column sections 7456, and the respective
rollers 73 are separately accommodated in the respective
pockets 74¢. The elastic members 75 are formed with a helical
compression spring and separately accommodated in the
respective pockets 74¢ of the cage 74 to be installed in the
column sections 74b.

InFIG. 4, flat cam surfaces 7141 that have the same number
as the rollers 73 (eight) are formed in the outer peripheral
surface 71a of the inner ring 71. The inner peripheral surface
72a of the outer ring 72 is formed to be a cylindrical surface.
Plural (eight) wedge-shaped spaces S are formed in the cir-
cumferential direction between the cam surfaces 71al of the
inner ring 71 and the cylindrical surface of the outer ring 72.
The rollers 73 are separately arranged in the respective
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wedge-shaped spaces S, and the elastic members 75 bias the
rollers 73 toward the direction in which the wedge-shaped
spaces S become narrow. The outer peripheral surface of a
roller 73 is formed to be a contact surface 734 that comes into
contact with a cam surface 71al of the inner ring 71 and a
cylindrical surface of the outer ring 72, and the contact sur-
face 73a is formed straight in a width direction (axial direc-
tion). The one-way clutch 7 is placed in an environment
where grease as lubricant that is made from ester base oil and
a urea-based thickner and hardly affected by temperature
changes is provided between the inner ring 71 and the outer
ring 72.

In the one-way clutch 7 that is constructed as described
above, in a case where the input rotor 5 rotates with increased
speed and therefore the rotation speed of the input rotor 5
exceeds that of the output rotor 6, the inner ring 71 makes
relative rotation to the outer ring 72 in one direction (coun-
terclockwise direction of FIG. 4). In this case, the roller 73
slightly moves to the direction in which the wedge-shaped
space S becomes narrow by the biasing force of the elastic
member 75, the contact surface 73a of the roller 73 is brought
into contact with the outer peripheral surface 714a of the inner
ring 71 and the inner peripheral surface 72a of the outer ring
72 (i.e., the roller 73 is pressed toward the inner ring 71 and
the outer ring 72), and the one-way clutch 7 becomes a state
in which the roller 73 engages between the inner ring 71 and
the outer ring 72. Accordingly, the inner ring 71 and the outer
ring 72 can rotate together in one direction and connect the
input rotor 5 with the output rotor 6 so as to be capable of
rotating together.

In a case where the rotation speed of the input rotor 5
becomes constant after increasing and the same speed as that
of the output rotor 6, the roller 73 is kept in an engagement
state between the inner ring 71 and the outer ring 72. There-
fore, the one-way clutch 7 maintains corotation of the inner
ring 71 and the outer ring 72 in one direction, and the input
rotor 5 and the output rotor 6 continue to rotate together.

On the other hand, in a case where the input rotor 5 rotates
with decreased speed and therefore the rotation speed of the
input rotor 5 falls below that of the output rotor 6, the inner
ring 71 makes relative rotation to the outer ring 72 in another
direction (clockwise direction of FIG. 4). In this case, the
roller 73 slightly moves to the direction in which the wedge-
shaped space S becomes wide against the biasing force of the
elastic member 75, and therefore the engagement of the roller
73 with the inner ring 71 and the outer ring 72 is disengaged.
Accordingly, the engagement of the roller 73 is disengaged,
and therefore the connection between the input rotor 5 and the
output rotor 6 is released.

In FIG. 3, a pair of rolling bearings 8 are respectively
disposed between the small diameter section 53 of the input
rotor 5 and the cylindrical section 61 of the output rotor 6 and
support the input rotor 5 and the output rotor 6 for relative
rotation with each other. The rolling bearings 8 are arranged
on the axial sides of the one-way clutch 7 adjacent to each
other so that the axial ends of the rolling bearings 8 can come
into contact with the axial end faces of the cage 74 of the
one-way clutch 7 in the axial end.

A rolling bearing 8 is provided with an inner ring 81, an
outer ring 82, and a cylindrical roller bearing that includes
plural cylindrical rollers 83 which are placed between the
inner ring 81 and the outer ring 82 so as to be capable of
rolling. The inner ring 81 has an inner ring raceway surface
81a that is formed in an outer periphery and an inner ring rib
815 that is formed on axial sides of the inner raceway surface
81a to protrude toward a radial outside. End faces of the
cylindrical roller 83 respectively come into sliding contact
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with an inner surface of the inner ring rib 815. In addition, an
outer surface 8151 of the inner ring rib 815 adjacent to the
one-way clutch 7 is formed to be a contact surface that comes
into contact with an outer surface of the annular section 74a
which is an axial end face of the cage 74 of the one-way clutch
7.

Regions A and C in axial end faces of the cylindrical
section 61 of the output rotor 6 are set as the outer ring 82 of
the rolling bearing 8. An outer ring raceway surface 82a of the
outer ring 82 is formed in respective inner peripheral surfaces
of the regions A and C. The cylindrical roller 83 is placed
between the outer ring raceway surface 82a and the inner ring
raceway surface 81a so as to be capable of rolling.

According to the wind power generating device 1 that is
constructed as described above, the one-way clutch 7 that is
disposed between the input rotor 5 which rotates together
with the output shaft 35 of the speed up gears 3 and the output
rotor 6 which rotates together with the drive shaft 41 of the
generator 4 can release the connection between the input rotor
5 and the output rotor 6 when the rotation speed of the input
rotor 5 falls below that of the output rotor 6. That is to say,
when the rotation speed of the output shaft 35 rapidly falls by
a drop in the wind force through the main shaft 2, the rotation
of the rotor 42 of the generator 4 by inertia can be prevented
from being transmitted to the output shaft 35 through the
drive shaft 41. Accordingly, the decrease in radial load that is
applied to the roller bearing 38 which supports the output
shaft 35 and rotation delay of the cylindrical roller 38¢ in
association with the decrease in the radial load can be inhib-
ited. Therefore, when the rotation speed of the main shaft 2
rapidly increases by the change in the wind force and high
load is applied to the cylindrical roller 38 from the above
state, the cylindrical roller 38¢ hardly slides on the contact
surface with the inner ring 38a, and therefore the production
of smearing on the roller bearing 38 can be inhibited effec-
tively.

In addition, by preventing the rotation of the rotor 42 of the
generator 4 by inertia from being transmitted to the output
shaft 35, loads that are applied to the roller bearings 36a, 365,
37a, 37b, 38, 39, and the like of the speed up gears 3 can be
reduced. Accordingly, the size reduction of all of the gears
31band 31cofthe planetary gear mechanism 31, the shafts 33
through 35 of the high-speed gear mechanism 32, and the
roller bearings 36a, 365,374, 37b, 38, and 39 canbe achieved,
and therefore the speed up gears 3 can be reduced in weight
and manufactured at low cost. Furthermore, by releasing the
connection between the input rotor 5 and the output rotor 6,
the rotor 42 of the generator 4 continues to rotate by inertia
without rapid slow down, and therefore average rotation
speed of the rotor 42 can be increased. Accordingly, power
generation efficiency of the generator 4 can be improved.

Between the input rotor 5 and the output rotor 6, the rolling
bearing 8 that supports the rotors so as to be capable of
relatively rotating to each other is disposed. Thus, by releas-
ing the engagement of the roller 73, the inner ring 71, and the
outer ring 72 in the one-way clutch 7, when the spacing
between the roller 73 and the inner and the outer rings 71 and
72 is produced in the wedge-shaped spacing S, the rolling
bearing 8 can prevent the input rotor 5 and the output rotor 6
from relatively moving to each other in the radial direction.
Therefore, the input rotor 5 and the output rotor 6 can be
prevented from rattling in the radial direction during the
operation of the wind power generating device 1.

Because a pair of the rolling bearings 8 are arranged on the
axial sides of the one-way clutch 7 adjacent to each other, and
the axial end faces of the cage 74 of the one-way clutch 7 are
formed to be capable of contact with the axial ends of the

20

25

30

35

40

45

16

rolling bearings 8, the movement of the cage 74 to the axial
sides can be restricted. Specifically, because the axial end face
of the cage 74 of the one-way clutch 7 (outer surface of the
annular section 74a) comes into contact with the inner ring rib
8154 of the rolling bearing 8, the inner ring rib 815 of the
rolling bearing 8 can also be used as a member that restricts
the axial movement of the cage 74. Accordingly, the structure
of the rolling bearing 8 can be simplified.

In addition, because the outer ring inner peripheral surface
72a of the one-way clutch 7 and the outer ring raceway
surface 82a of the rolling bearing 8 are formed in the inner
peripheral surface of the output rotor 6, the output rotor 6 can
be used as the outer ring 72 of the one-way clutch 7 and the
outer ring 82 of the rolling bearing 8. Accordingly, the struc-
ture of the entire wind power generating device 1 can be
simplified. Because the output rotor 6 is removably secured to
the drive shaft 41 of the generator 4 and arranged in a movable
manner in the axial direction with respect to the input rotor 5,
the output rotor 6 can be removed from the input rotor 5 when
the output rotor 6 is removed from the drive shaft 41 and
moved in the axial direction with respect to the input rotor 5.
Accordingly, the outer ring 72 of the one-way clutch 7 and the
outer ring 82 of the rolling bearing 8 can be removed at the
same time, and therefore maintenance tasks of the one-way
clutch 7 and the rolling bearing 8 can easily be done. In this
case, there is no need to move the generator 4, and therefore
the maintenance tasks can be done more easily.

The present invention is not limited to the first embodiment
described above and can be changed appropriately to be prac-
ticed. For example, in the first embodiment, the input rotor
and the output rotor are respectively provided to the output
shaft and the drive shaft as separate members; however, the
input rotor and the output rotor may integrally be formed with
the output shaft and the drive shaft, respectively. The output
rotor is arranged on the radial outside of the input rotor;
however, the output rotor may be arranged on the radial inside
of the input rotor. In this case, the one-way clutch may be
formed with the cam surface in the outer ring inner peripheral
surface, and the inner ring outer peripheral surface may be
formed as the cylindrical surface. Furthermore, in this case,
the inner ring outer peripheral surface may be formed in the
outer peripheral surface of the output rotor, and the output
rotor may be used as the inner ring.

In addition, the output rotor is formed as the outer ring of
the one-way clutch and the outer ring of the rolling bearing;
however, these outer rings may be provided to the output rotor
as separate members. The rolling bearing that is disposed
between the input rotor and the output rotor is constructed as
the cylindrical roller bearing in order to move the output rotor
in the axial direction; however, the rolling bearing may be
constructed as a ball bearing in a case where the output rotor
is not moved in the axial direction.

The cage of the one-way clutch comes into contact with the
inner ring of the rolling bearing; however, the outer ring of the
rolling bearing may be provided to the output rotor as a
separate member, and the outer ring may come into contact
with the cage of the one-way clutch. The power generating
device of the present embodiment is exemplified in a case of
using wind force as external force; however, the power gen-
erating device of the present embodiment may be applicable
to the power generating device that generates electricity by
using other external force such as waterpower or thermal
power.

Next, the structure of the power generating device of the
second embodiment in regard to the one-way clutch will be
described. Descriptions of the structure that overlaps with the
first embodiment are not repeated. FI1G. 5 is a cross-sectional
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view that shows a connection part between the output shaft 35
of'the speed up gears 3 and the drive shaft 41 of the generator
4. In FIG. 5, the input rotor 5 is concentrically arranged with
the output shaft 35 and has a flange section 51, a large diam-
eter section 52a, a medium diameter section 525, and a small
diameter section 52¢ in this order from one axial end (left end
of FIG. 5) to another axial end (right end of FIG. 5).

The flange section 51 is formed to extend to a radial outside
beyond the outer peripheral surface of the large diameter
section 52a and removably secured in the output end 35¢ of
the output shaft 35. Specifically, the flange section 51 is
fastened on a flange section 35¢1 that is formed in the output
end 35¢ of the output shaft 35 in an abutting state against the
flange section 35¢1 with a bolt and a nut (not shown). A
spacing S1 is formed between the end face of the small
diameter section 52¢ and the end face of the flange section
41a of the drive shaft 41.

The output rotor 6 is concentrically arranged on a radial
outside of the input rotor 5 and has a cylindrical section 61 and
a flange section 62 that is formed in another axial end (right
end of FIG. 5) of the cylindrical section 61. The flange section
62 is formed to extend to a radial outside beyond the outer
peripheral surface ofthe cylindrical section 61 and removably
secured in one end (left end of FIG. 5) of the drive shaft 41.
Specifically, the flange section 62 is fastened on a flange
section 414 that is formed in one end of the drive shaft 41 in
an abutting state against the flange section 41a with a bolt and
a nut (not shown).

An inner peripheral surface of the cylindrical section 61 is
formed in a cylindrical surface. An annular seal member 10
for sealing an annular space between the cylindrical section
61 and the medium diameter section 525 and the small diam-
eter section 52¢ of the input rotor 5 is disposed in the spacing
between the inner peripheral surface of the cylindrical section
61 in one axial end (left end of FIG. 5) and the outer peripheral
surface of the large diameter section 524 of the input rotor 5.
A spacing S2 is formed between an end face of the cylindrical
section 61 on one end side and an end face of the flange
section 51 of the input rotor 5 that faces the end face of the
cylindrical section 61. Accordingly, the output rotor 6 can
move to both axial sides with respect to the input rotor 5 in a
state in which the output rotor 6 is separated from the drive
shaft 41.

FIG. 6 is a cross-sectional view that shows the one-way
clutch 7, and FIG. 7 is a cross-sectional view that shows a part
of'the one-way clutch 7 in an enlarged scale. In FIG. 5 through
FIG. 7, the one-way clutch 7 includes an inner ring 71, an
outer ring 72, and plural rollers 73 that are disposed between
an outer peripheral surface 71a of the inner ring 71 and an
inner peripheral surface 72a of the outer ring 72. The inner
ring 71 is fitted and secured onto a left side of the small
diameter section 52¢ of the input rotor 5 and constructed to
rotate together with the small diameter section 52¢ in a direc-
tion of an arrow A of FIG. 6. A region B in the axial center of
the cylindrical section 61 of the output rotor 6 is set as the
outer ring 72 of the one-way clutch 7. Therefore, the inner
peripheral surface 72q is formed in an inner peripheral sur-
face of the cylindrical section 61 in the region B. The rollers
73 are formed in a circular cylindrical shape, and six rollers
are disposed in the circumferential direction in the present
embodiment.

InFIG. 6, flat cam surfaces 7141 that have the same number
as the rollers 73 (six) are formed in the outer peripheral
surface 71a of the inner ring 71. The inner peripheral surface
72a of the outer ring 72 is formed to be a cylindrical surface.
Plural (six) wedge-shaped spaces S are formed in the circum-
ferential direction between the cam surfaces 71a1 of the inner
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ring 71 and the cylindrical surface 72a of the outer ring 72.
The rollers 73 are separately arranged in the respective
wedge-shaped spaces S, and the elastic members 75 bias the
rollers 73 toward the direction in which the wedge-shaped
spaces S become narrow (narrowing direction). The outer
peripheral surface of a roller 73 is formed to be a contact
surface that comes into contact with a cam surface 714l of the
inner ring 71 and a cylindrical surface 72a of the outer ring 72.
The one-way clutch 7 is placed in an environment where
grease as lubricant that is made from ester base oil and a
urea-based thickner and hardly affected by temperature
changes is provided between the inner ring 71 and the outer
ring 72.

In the one-way clutch 7 that has a structure as described
above, in a case where the input rotor 5 rotates with increased
speed and therefore the rotation speed of the input rotor 5
exceeds that of the output rotor 6, the inner ring 71 makes
relative rotation to the outer ring 72 in one direction (direction
of'the arrow A (counterclockwise direction) of FIG. 6). In this
case, the roller 73 slightly moves to the direction in which the
wedge-shaped space S becomes narrow by the biasing force
of the elastic member 75, the outer peripheral surface of the
roller 73 is brought into contact with the outer peripheral
surface 71a (cam surface 71a1) of the inner ring 71 and the
inner peripheral surface 72a of the outer ring 72 (i.e., the
roller 73 is pressed toward the inner ring 71 and the outer ring
72), and the roller 73 becomes a state of engaging between the
inner ring 71 and the outer ring 72. Accordingly, the inner ring
71 and the outer ring 72 rotate together in the direction of the
arrow A, and the input rotor 5 and the output rotor 6 are
connected so as to be capable of rotating together.

In a case where the rotation speed of the input rotor 5
becomes constant after increasing and the same speed as that
of the output rotor 6, the roller 73 is kept in an engagement
state between the inner ring 71 and the outer ring 72. There-
fore, the inner ring 71 and the outer ring 72 maintain corota-
tion in the direction of the arrow A, and the input rotor 5 and
the output rotor 6 continue to rotate together.

On the other hand, in a case where the input rotor 5 rotates
with decreased speed and therefore the rotation speed of the
input rotor 5 falls below that of the output rotor 6, the inner
ring 71 makes relative rotation to the outer ring 72 in another
direction (opposite direction of the arrow A (clockwise direc-
tion) of FIG. 6). In this case, the roller 73 slightly moves to the
direction in which the wedge-shaped space S becomes wide
against the biasing force of the elastic member 75, and there-
fore the engagement state of the outer peripheral surface of
the roller 73 with the inner ring 71 and the outer ring 72 is
disengaged. Accordingly, the connection between the input
rotor 5 and the output rotor 6 is released.

The wind power generating device 1 that is the power
generating device of the second embodiment produces a simi-
lar effect to the wind power generating device 1 of the first
embodiment.

The one-way clutch 7 of the present embodiment is pro-
vided with a torque limiter 9. The torque limiter 9 is adapted
to release the connection between the input rotor 5 and the
output rotor 6 in a case where running torque that is transmit-
ted from the input rotor 5 to the output rotor 6 exceeds a
specified value (upper limit). As described above, the one-
way clutch 7 is constructed such that the input rotor 5 rotates
in the direction of the arrow A with increased speed, and
therefore the roller 73 engages between the cam surface 71al
and the inner peripheral surface 72a of the outer ring 72 and
makes the output rotor 6 rotate together in the direction of the
arrow A. However, when burn-out of the generator 4 occurs
and the drive shaft 41 becomes hard to rotate, the output rotor
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6 that is coupled to the drive shaft 41 also becomes hard to
rotate, and the running torque that is transmitted from the
input rotor 5 to the output rotor 6 becomes excessively high.
Thus, the speed up gears 3 between the output shaft 35 that is
coupled to the input rotor 5 and the main shaft 2 receives
overload, and there is a possibility that gears and bearings in
the speed up gears 3 may be damaged.

The torque limiter 9 of the present embodiment is provided
for solving the disadvantages as described above and has an
accommodating recess 91 that is formed in the outer periph-
eral surface 71a of the inner ring 71 and can accommodate the
roller 73 as shown in FIG. 6 and FIG. 7. The accommodating
recess 91 is formed in a corresponding position between the
cam surfaces 71al next to each other in the circumferential
direction. Therefore, a total of six accommodating recesses
91 are formed in the present embodiment. The roller 73 that
comes into contact with the cam surface 71al which is adja-
cently arranged in the direction of the arrow A is adapted to
fall and be accommodated into the accommodating recess 91
when the roller 73 passes over an end section 71a2 of the cam
surface 71al.

As shown in FIG. 7, a bottom section 91a of the accom-
modating recess 91 is formed in an arc surface that has
approximately same radius as that of the roller 73. Side wall
sections 9151 and 9152 that are formed in circumferential
directions of the bottom section 91a are formed in parallel
with each other and in inclined surfaces that are inclined with
respect to an imaginary line Y in the radial direction which
passes through a shaft center O of the one-way clutch 7 and a
center of curvature of the bottom section 91a so that the radial
outside of the side wall section is located in the direction of
the arrow A. Therefore, the side wall section 9151 in the
vicinity of the roller 73 which is not accommodated in the
accommodating recess 91 and is located between the cam
surface 7141 and the inner peripheral surface 724 of the outer
ring 72 is formed to be long in length, and the side wall section
9152 on a far side from the roller 73 is formed to be short in
length. In addition, an angle between the cam surface 71al
and a surface of the side wall section 9151 is set to 90° or
greater (for example, about 90° through 120°).

The accommodating recess 91 is formed to have a depth in
which the entire roller 73 can be accommodated. Therefore,
the roller 73 that is accommodated in the accommodating
recess 91 is positioned in a radial inside with respect to the
elastic member 75. The elastic member 75 is provided with a
cover member 93. The cover member 93 is formed, as shown
in FIG. 7, in a bottomed square tube shape so as to surround
one circumferential end face (end face on a side of the roller
73), a radial outer surface, a radial inner surface, and axial
side surfaces of the elastic member 75. A section 93a that
covers one circumferential end face comes into contact with
the roller 73. A section 934 that covers the radial outer surface
of the elastic member 75 is formed in an arc shape along the
inner peripheral surface 72a of the outer ring 72. A coating of
fluorocarbon polymers or molybdenum disulfide is applied to
the section 934 so that the section 935 can smoothly slide
when coming into contact with the inner peripheral surface
72a ofthe outer ring 72, and therefore friction drag is reduced.

When the running torque that is transmitted from the input
rotor 5 to the output rotor 6 exceeds the upper limit, the roller
73 passes over the end section 7142 from the cam surface
71al, drops into the accommodating recess 91 as shown in
FIG. 8, and is separated from the wedge-shaped space S
between the cam surface 71a1 and the inner peripheral sur-
face 72a of the outer ring 72. Therefore, the connection
between the input rotor 5 and the output rotor 6 is fully
released, and the transmission of the running torque between
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both rotors is cut off. Thus, the input rotor 5 rotates nearly
freely from load, the load that is applied to the speed up gears
3 can be reduced, and the speed up gears 3 can be prevented
from being damaged.

The input rotor 5 continues to rotate with the increased
speed by the speed up gears 3 as long as the main shaft 2
rotates after the roller 73 is accommodated into the accom-
modating recess 91. However, when the roller 73 is separated
from the accommodating recess 91 toward the radial outside
by centrifugal force due to the rotation of the input rotor 5 and
again engages between the cam surface 71a1 and the inner
peripheral surface 724 of the outer ring 72, the input rotor 5 is
connected to the output rotor 6 to be locked, and the speed up
gears 3 receives large load. In order to prevent such the
problem, the torque limiter 9 of the present embodiment is
provided with separation prevention means (separation pre-
vention device) that prevent the separation of the roller 73
from the accommodating recess 91.

Specifically, the separation prevention means is con-
structed such that one side wall section (that is, a control
section that is an edge in the circumferential direction) 9152
of the accommodating recess 91 protrudes toward the radial
outside of the roller 73. That is, if the roller 73 moves to the
radial outside (a direction of a hollow arrow B along the
imaginary line Y) by the centrifugal force, the side wall sec-
tion 9152 of the accommodating recess 91 becomes an
obstacle to the movement of the roller 73, and the separation
of the roller 73 from the accommodating recess 91 can be
prevented. Because inertial force opposite to the direction of
the arrow A is imparted to the roller 73 by the rotation of the
input rotor 5 in the direction of the arrow A, the roller 73 is
more hardly separated from the accommodating recess 91.

In addition, the separation prevention means is also con-
structed with the elastic member 75 and the cover member 93.
That is, when the roller 73 on the cam surface 71a1 drops into
the accommodating recess 91, the elastic member 75 in the
pocket 74¢ extends, the roller 73 is positioned in the radial
inside of the elastic member 75 and the cover member 93, and
at least a part of the accommodating recess 91 is blocked by
the cover member 93. Therefore, if the roller 73 moves to the
radial outside by the centrifugal force due to the rotation of
the input rotor 5, the elastic member 75 and the cover member
93 become the obstacles to the movement of the roller 73, and
separation of the roller 73 from the accommodating recess 91
can be prevented suitably. Particularly, the separation of the
roller 73 from the accommodating recess 91 can securely be
prevented by providing the cover member 93 to the elastic
member 75.

In FIG. 5, a pair of the rolling bearings 8 are respectively
disposed between the medium diameter section 526 of the
input rotor 5 and the cylindrical section 61 of the output rotor
6 and between an intermediate ring body 53 that is fitted to the
small diameter section 52¢ of the input rotor 5 so as to be
capable of rotating together and the cylindrical section 61.
The pair of the rolling bearings 8 support the input rotor 5 and
the output rotor 6 each other for relative rotation. The rolling
bearings 8 are adjacently arranged on the axial sides of the
one-way clutch 7 so that the axial ends of the rolling bearings
8 can come into contact with the axial end faces of the cage 74
of'the one-way clutch 7.

The present invention is not limited to the second embodi-
ment described above and can be changed appropriately to be
practiced. For example, in the second embodiment, the output
rotor is formed as the outer ring of the one-way clutch and the
outer ring of the rolling bearing; however, these outer rings
may be provided to the output rotor as separate members. On
the other hand, the input rotor can be formed as the inner ring
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of'the one-way clutch and the inner ring of the rolling bearing.
The rolling bearing that is disposed between the input rotor
and the output rotor is constructed as the cylindrical roller
bearing in order to move the output rotor in the axial direction;
however, the rolling bearing may be constructed as a ball
bearing in a case where the output rotor is not moved in the
axial direction.

The accommodating recess of the torque limiter may not be
necessarily formed in a depth that can accommodate the
entire roller but may be formed deeper than at least the radius
of the roller. When the accommodating recess is formed
deeper than the radius of the roller, the control section can be
formed without protruding from the inner ring outer periph-
eral surface. The cage of the one-way clutch comes into
contact with the inner ring of the rolling bearing; however, the
outer ring of the rolling bearing may be provided to the output
rotor as a separate member, and the outer ring may come into
contact with the cage of the one-way clutch. Furthermore, the
present embodiment exemplifies the wind power generating
device that uses wind force as external force; however, the
present invention may be applicable to the power generating
device that generates electricity by using other external force
such as waterpower or thermal power. The one-way clutch of
the present invention is also applicable to applications other
than the power generating device.

On example of the one-way clutch according to the present
invention is disposed between the input rotor and the output
rotor that is concentrically arranged on the radial outside of
the input rotor, connects the input rotor with the output rotor
s0 as to be capable of rotating together in a state where the
rotation speed of the input rotor exceeds that of the output
rotor, and releases the connection between the input rotor and
the output rotor in a state where the rotation speed of the input
rotor falls below that of the output rotor. The one-way clutch
includes the inner peripheral surface of the outer ring, the
outer peripheral surface of the inner ring, the roller and the
torque limiter. The inner peripheral surface of the outer ring is
provided on the side of the output rotor. The outer peripheral
surface of the inner ring is provided on the side of the input
rotor and forms plural wedge-shaped spaces in the circum-
ferential direction with the inner peripheral surface of the
outer ring. The roller is disposed in each of the plural wedge-
shaped spaces, connects the input rotor with the output rotor
s0 as to be capable of rotating together by engaging with the
outer peripheral surface of the inner ring and the inner periph-
eral surface of the outer ring, and releases the connection by
disengaging the engagement. The torque limiter includes the
accommodating recess which is formed in the outer periph-
eral surface of the inner ring, and which accommodates the
roller separated from a wedge-shaped space when the trans-
mission torque from the input rotor to the output rotor exceeds
the upper limit, and thereby disengages the engagement of the
roller with the outer peripheral surface of the inner ring and
the inner peripheral surface of the outer ring. The torque
limiter is provided with the separation prevention means that
prevents the roller in the accommodating recess from being
separated from the accommodating recess by centrifugal
force in association with the rotation of the input rotor.

The one-way clutch includes the torque limiter, and there-
fore when the transmission torque from the input rotor to the
output rotor exceeds the upper limit (the input rotor is con-
nected to the output rotor to be put into a locked state), the
torque limiter releases the connection between the input rotor
and the output rotor. When the input rotor rotates in a state
where the roller is accommodated in the accommodating
recess, and the roller moves out of the accommodating recess
by the centrifugal force, there is a possibility of the engage-
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ment of the roller with the inner ring outer peripheral surface
(i.e., the outer peripheral surface of the inner ring) and the
outer ring inner peripheral surface (i.e., inner peripheral sur-
face of the outer ring) again. However, the torque limiter that
is one example of the present invention includes the separa-
tion prevention means that prevents the roller from being
separated from the accommodating recess, and therefore such
the problems can be solved.

The separation prevention means may be constructed such
that the control section that controls the movement of the
roller which is accommodated in the accommodating recess
to the radial outside is protruded in the edge of the accommo-
dating recess in the circumferential direction. According to
such the structure, if the roller is separated from the accom-
modating recess by centrifugal force due to the rotation of the
input rotor, the control section becomes an obstacle to prevent
the separation. Therefore, the engagement of the roller with
the inner ring outer peripheral surface and the outer ring inner
peripheral surface again can be prevented suitably.

The cage that has a pocket which can accommodate the
roller and maintains circumferential spacing of plural rollers
and the elastic member that has a compression spring which
biases the roller in the pocket toward the narrowing direction
of the wedge-shaped space are provided between the inner
ring outer peripheral surface and the outer ring inner periph-
eral surface. The separation prevention means may be con-
structed by forming the accommodating recess in a depth in
which the roller can be positioned in the radial inside with
respect to the elastic member. According to the above struc-
ture, when the roller separates from the pocket of the cage to
enter into the accommodating recess, the elastic member
extends to be positioned in the radial outside of the roller.
Therefore, if the roller is separated from the accommodating
recess to the radial outside by centrifugal force in association
with the rotation of the input rotor, the elastic member
becomes an obstacle, and the separation can be prevented.

The elastic member may be provided with a block member
that blocks at least a part of the accommodating recess which
accommodates the roller. According to the above structure,
when the elastic member is disposed in the radial outside of
the roller that enters into the accommodating recess as
described above, the block member that is attached to the
elastic member can block at least a part of the accommodating
recess and securely prevent the separation of the roller.

Hereinafter, a third embodiment through a fifth embodi-
ment of the present invention will be described in detail with
reference to attached drawings. FIG. 9 is a schematic side
view that shows a wind power generating device according to
the third embodiment of the present invention.

In FIG. 9, the wind power generating device 1 further
includes an input rotor 5 that is provided so as to be capable of
rotating together with the output shaft 35 of the speed up gears
3, an output rotor 6 that is provided so as to be capable of
rotating together with the drive shaft 41 of the generator 4, a
one-way clutch 7 that is disposed between the input rotor 5
and the output rotor 6, a pair of rolling bearings 8 that are
disposed on axial sides of the one-way clutch 7, and an inertia
mass 9 that is provided so as to be capable of rotating together
with the output rotor 6. The one-way clutch 7 and the rolling
bearings 8 are constructed to transmit the rotation of the
output shaft 35 to the drive shaft 41 through the input rotor 5
and the output rotor 6. Here, the wind power generating
device 1 of the present embodiment is constructed such that
the rolling bearings 8 are disposed in the axial sides of the
one-way clutch 7; however, a rolling bearing 8 may be dis-
posed in only one axial side of the one-way clutch 7.
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FIG. 10 is the same as FIG. 3, except for the inertia mass 9.
FIG. 4 also shows the one-way clutch 7 according to the third
embodiment.

In FIG. 9 and FIG. 10, the inertia mass 9 is formed in a
cylindrical shape and fitted and secured onto the cylindrical
section 61 of the output rotor 6. The inertia mass 9 is designed
so that an angular acceleration m dot a by the deceleration of
the output rotor 6 which is calculated by the following equa-
tion (1) becomes smaller than an angular acceleration w dot b
by the deceleration of the output rotor 6 under an actual usage
environment.

wdot a=7/1 (€8]

where T is a torque for electric power generation, and I is
inertia moment of the rotor of the generator and the inertia
mass. [n other words, the inertia mass 9 is designed so that the
inertia moment I of the output rotor 6 and the rotor 42 of the
generator 4 becomes large in order to reduce the angular
acceleration o dot a in the above equation (1) to be smaller
than the angular acceleration w dot b under the actual usage
environment. When actual measured values of the rotation
speed wb of the output rotor 6 are plotted on a graph, the
values show a waveform that varies up and down with small
amplitude as shown in FIG. 11. Therefore, when the slope of
the line D that is drawn so as to pass slightly above peaks of
the amplitude is set as the angular acceleration w dot b under
the actual usage environment, the inertia mass 9 can prefer-
ably be designed.

FIG. 12 is a graph that shows rotational fluctuations of the
output shaft of the speed up gears 3 and the rotor 42 of the
generator 4. As shown in FIG. 12, if the wind force decreases
and the rotation speed of the output shaft 35 rapidly
decreases, the rotor 42 does not rapidly decreases the rotation
speed in association with the output rotor 6 through the drive
shaft 41 but continues to rotate with gradual deceleration due
to the inertia. Accordingly, in a case where the wind force
rapidly fluctuates, the rotational fluctuations of the rotor 42
can be reduced.

The wind power generating device 1 that is constructed as
described above produces a similar effect to the wind power
generating device 1 of the first and the second embodiments.

In addition, the output rotor 6 is provided with the inertia
mass 9 so as to be capable of rotating together, and therefore
the inertia moment I of the output rotor 6 can be increased.
Accordingly, the one-way clutch 7 releases the connection
between the input rotor 5 and the output rotor 6, and when the
output rotor 6 rotates with decreased speed due to the inertia
of the rotor 42, the angular acceleration co dot a by the
deceleration becomes small. Therefore, the rotation speed of
the output rotor 6 can be prevented from rapidly decreasing.
That is, even if the wind force decreases and the rotation
speed of the main shaft 2 rapidly decreases, the rotor 42 of the
generator 4 continues to rotate together with the output rotor
6 by inertia, and therefore average rotation speed of the rotor
42 can be improved effectively. Accordingly, power genera-
tion efficiency of the generator 4 can be improved more.

FIG. 13 is a cross-sectional view that shows a connection
part between an output shaft of speed up gears and a drive
shaft of'a generator in a wind power generating device accord-
ing to a fourth embodiment of the present invention. In FIG.
13, the wind power generating device 1 of the present
embodiment includes an electromagnetic clutch 11 that con-
nects the output rotor 6 with the inertia mass 9 so as to be
capable of rotating together during energization and releases
the connection in non-energization, detection means (detec-
tion device) 12 that detects the rotation speed of the output
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rotor 6, and control means (control device) 13 that controls
the energization of the electromagnetic clutch 11.

The electromagnetic clutch 11 includes a clutch housing 14
that is disposed between the cylindrical section 61 of the
output rotor 6 and the inertia mass 9, a multiple-disc clutch 15
that is disposed between the clutch housing 14 and the cylin-
drical section 61, an electromagnet 16 that is disposed on one
axial side of the multiple-disc clutch 15, and a biasing mem-
ber 17 that is disposed on another axial side of the multiple-
disc clutch 15. The clutch housing 14 has a cylindrical hous-
ing body 14a that is fitted and secured in the cylindrical
section 61 and an annular section 144 that extends from one
axial end of the housing body 14a to a radial inside.

The multiple-disc clutch 15 is constructed such that plural
outer clutch discs 15a and plural inner clutch discs 1556 are
alternatively arranged in the axial direction. The outer clutch
discs 15a are mounted in the inner periphery of the housing
body 14a through spline fitting to be movable in the axial
direction. In addition, the inner clutch discs 155 are mounted
in the outer periphery of the cylindrical section 61 of the
output rotor 6 through spline fitting to be movable in the axial
direction.

The electromagnet 16 is constructed with a yoke 16a that is
formed ina U-shape in cross section and a coil 165 that is held
in the yoke 16a. The yoke 16q is fixed to the outer periphery
of a cylindrical supporting member 19 that is fixed to the
housing ofthe speed up gears 3. The supporting member 19 is
provided with a rolling bearing 20 that supports the inertia
mass 9 for rotation. The rolling bearing 20 is formed to be a
ball bearing that includes an inner ring 20a which is fitted and
secured onto the supporting member 19, an outer ring 205
which is fitted and secured into the inertia mass 9, and plural
balls (rolling elements) 20c that are placed between the inner
ring 20a and the outer ring 204 so as to be capable of rolling.
The rolling bearing 20 is formed to be a ball bearing that uses
a ball as a rolling element; however, the rolling bearing 20
may be formed to be a roller bearing that uses a roller as the
rolling element.

The biasing member 17 is formed with a magnetic sub-
stance and mounted to a right end side of FIG. 13 in the inner
periphery of the housing body 14a through spline fitting to be
movable in the axial direction. In addition, the biasing mem-
ber 17 is biased to the side of the flange section 62 of the
output rotor 6 by the biasing force of an elastic member (not
shown) and held in a non-biasing position shown in FIG. 13
by abutting against a stopper ring 18 that is fixed in the inner
periphery of the housing body 14a.

According to the above structure, when the coil 165 of the
electromagnet 16 is not energized, the biasing member 17 is
held in the non-biasing position by the biasing force of the
elastic member. Therefore, the outer clutch discs 154 and the
inner clutch discs 1556 are not in close contact with each other,
orthe multiple-disc clutch 15 is in an OFF state, and therefore
the connection between the output rotor 6 and the inertia mass
9 is released. When the coil 165 of the electromagnet 16 is
energized, the biasing member 17 is attracted to the electro-
magnet 16 against the biasing force of the elastic member, and
therefore the biasing member 17 pushes the outer clutch discs
15a and the inner clutch discs 155 to the side of the annular
section 145 of the clutch housing 14. Accordingly, the outer
clutch discs 15a and the inner clutch discs 155 come into
close contact with each other, or the multiple-disc clutch 15 is
in an ON state, and therefore the output rotor 6 and the inertia
mass 9 are connected so as to be capable of rotating together.

The detection means 12 detects the rotation speed of the
drive shaft 41 of the generator 4 which rotates together with
the output rotor 6 in this embodiment in order to detect the
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rotation speed of the output rotor 6. Specifically, the detection
means 12 is constructed with a sensor that is disposed in the
vicinity of the drive shaft 41 which protrudes to the right side
in the drawing ofthe rotor 42 of the generator 4 shown in FIG.
9 and detects the rotation speed of the drive shaft 41. The
detection means 12 may detect the rotation speed of the rotor
42, the output shaft 35 of the speed up gears 3, or the output
rotor 6 itself, other than the drive shaft 41. In addition, the
detection means 12 may use a sensor that detects the rotation
speed of the drive shaft 41 or the rotor 42 that is incorporated
into the generator 4 in order to control the drive of the gen-
erator 4.

The control means 13 controls the energization of the coil
165 of the electromagnet 16 when the output rotor 6 starts to
rotate. Specifically, the control means 13 controls not to ener-
gize the coil 165 in order to release the connection between
the output rotor 6 and the inertia mass 9 at startup of the
rotation of the output rotor 6. When the detection means 12
detects that the output rotor 6 reaches a specified rotation
speed (for example, 300 through 500 rpm) after the startup of
the rotation of the output rotor 6, the control means 13 con-
trols to energize the coil 165 in order to connect the output
rotor 6 with the inertia mass 9 so as to be capable of rotating
together. Other structures of the present embodiment are the
same as that of the third embodiment, and therefore the
description is not repeated.

According to the wind power generating device 1 that is
constructed as described above, the electromagnetic clutch 11
is not energized and the connection between the output rotor
6 and the inertia mass 9 is released until the output rotor 6
reaches the specified rotation speed at the startup of the rota-
tion, and therefore the running torque that is required to rotate
the output rotor 6 up to the specified rotation speed can be
reduced. Accordingly, time that is required to rotate the rotor
42 up to the specified rotation speed through the output rotor
6 and the drive shaft 41 can be reduced, and therefore the
power generation efficiency of the generator 4 can be
improved more. When the detection means 12 detects that the
output rotor 6 reaches the specified rotation speed after the
startup of the rotation of the output rotor 6, the electromag-
netic clutch 11 is energized, and the output rotor 6 and the
inertia mass 9 are connected so as to be capable of rotating
together, and therefore the inertia moment of the output rotor
6 can be increased. Accordingly, when the one-way clutch 7
releases the connection between the input rotor 5 and the
output rotor 6, the rotor 42 of the generator 4 does not rapidly
decreases the rotation speed in association with the output
rotor 6 but continues to rotate by the inertia, and therefore the
average rotation speed of the rotor 42 can be increased.
Accordingly, power generation efficiency of the generator 4
can be improved more.

FIG. 14 is a cross-sectional view that shows a connection
part between an output shaft of speed up gears and a drive
shaft of'a generator in a wind power generating device accord-
ing to a fifth embodiment of the present invention. In FIG. 14
the wind power generating device 1 of the present embodi-
ment includes a viscous fluid coupling 22 as an alternative to
the electromagnetic clutch 11 of the fourth embodiment. The
viscous fluid coupling 22 is disposed between the cylindrical
section 61 of the output rotor 6 and the inertia mass 9 and
includes a clutch housing 23, plural outer clutch discs 24a,
plural inner clutch discs 245, a biasing member 25, and a ball
26.

The clutch housing 23 has a cylindrical housing body 23a
that is fitted and secured in the cylindrical section 61 and an
annular section 235 that extends from one axial end of the
housing body 23a to a radial inside. Another axial side of the

20

35

40

45

55

26

housing body 23a is covered with a cover member 27 that is
formed from an annular plate. Annular seal members 284 and
28b are respectively provided in spacing between the annular
section 235 of the clutch housing 23 and the cylindrical sec-
tion 61 and spacing between the housing body 23a and the
cover member 27. An annular sealed space is formed between
the housing body 23« and the cylindrical section 61.

A viscous fluid such as silicone oil is filled in the sealed
space, and the outer clutch discs 24 and the inner clutch discs
24 are alternatively arranged in the axial direction. The outer
clutch discs 24a are mounted in the inner periphery of the
housing body 234 through spline fitting to be movable in the
axial direction. In addition, the inner clutch discs 245 are
mounted in the outer periphery of the cylindrical section 61 of
the output rotor 6 through spline fitting to be movable in the
axial direction.

The biasing member 25 is mounted to a right end side of
FIG. 14 in the inner periphery of the housing body 23a
through spline fitting to be movable in the axial direction. One
side surface of the biasing member 25 is formed with an
inclined surface 25a that is inclined so that thickness of the
biasing member 25 in the axial direction gradually increases
toward the radial outside. Accordingly, a wedge-shaped space
K is formed between the inclined surface 254 of the biasing
member 25 and the cover member 27 so as to become nar-
rower toward the radial outside. Plural balls 26 are accom-
modated in the wedge-shaped space K in the circumferential
direction. The biasing member 25 is always biased to the side
of the flange section 62 of the output rotor 6 by the biasing
force of the elastic member (not shown) and held in a non-
biasing position shown in FIG. 14 by abutting against the ball
26. In the present embodiment, a centrifugal clutch mecha-
nism 29 is constructed with the outer clutch discs 24a, the
inner clutch discs 245, the biasing member 25, and the ball 26.

According to the above structure, when the output rotor 6
rotates at low speed during the startup of the rotation, cen-
trifugal force that is applied to the ball 26 of the viscous fluid
coupling 22 is small. Therefore, as shown in FIG. 14, the ball
26 is positioned in the radial inside of the wedge-shaped space
K, and the biasing member 25 is held in the non-biasing
position by the biasing force of the elastic member. Therefore,
the outer clutch discs 24a and the inner clutch discs 245 are
not in close contact with each other, or the centrifugal clutch
mechanism 29 is in an OFF state, and therefore the running
torque of the output rotor 6 is transmitted to the inertia mass
9 by viscous drag of the viscous fluid.

In FIG. 14, when the output rotor 6 reaches a specified
rotation speed to rotate at high speed, the centrifugal force
that is applied to the ball 26 of the viscous fluid coupling 22
becomes large. Therefore, the ball 26 moves to the radial
outside of the wedge-shaped space K along the inclined sur-
face 254 of the biasing member 25 by the centrifugal force. In
this case, the biasing member 25 is pushed to the side of the
annular section 235 of the clutch housing 23 by the ball 26,
and therefore the biasing member 25 pushes the outer clutch
discs 24a and the inner clutch discs 245 to the side of the
annular section 235 against the biasing force of the elastic
member. Accordingly, the outer clutch discs 24a and the inner
clutch discs 245 come into intimate contact with each other,
or the centrifugal clutch mechanism 29 is in an ON state, and
therefore the running torque of the output rotor 6 is transmit-
ted to the inertia mass 9 through the centrifugal clutch mecha-
nism 29.

FIG. 15 is a graph that shows rotational fluctuations of the
output rotor 6 and the inertia mass 9 of the present embodi-
ment. As shown in FIG. 15, when the output rotor 6 rotates at
low speed during the startup of the rotation, or when the
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running torque of the output rotor 6 is transmitted to the
inertia mass 9 by viscous drag of the viscous fluid, the inertia
mass 9 increases the speed with lower angular acceleration
(slope of a broken line shown in FIG. 15) than the angular
acceleration of the output rotor 6 (slope of a continuous line
shown in FIG. 15). In addition, when the output rotor 6
reaches the specified rotation speed wc to rotate at high speed,
or when the running torque of the output rotor 6 is transmitted
to the inertia mass 9 through the centrifugal clutch mecha-
nism 29, the inertia mass 9 rotates together with the output
rotor 6 with the same rotation speed wc. Other structures of
the present embodiment are the same as that of the third and
the fourth embodiments, and therefore the description is not
repeated.

According to the wind power generating device 1 that is
constructed as described above, when the output rotor 6
rotates at low speed during the startup of the rotation, the
running torque of the output rotor 6 is transmitted to the
inertia mass 9 by viscous drag of the viscous fluid, and there-
fore the inertia mass 9 increases the speed with lower angular
acceleration than the angular acceleration of the output rotor
6. In other words, inertia torque by the inertia mass 9 which is
applied to the output rotor 6 at the startup of the rotation of the
output rotor 6 can be reduced, and therefore the running
torque that is required to increase the rotation speed of the
output rotor 6 up to the specified rotation speed can be
reduced. Accordingly, time that is required to increase the
rotation speed of the rotor 42 up to the specified rotation speed
through the output rotor 6 and the drive shaft 41 can be
reduced, and therefore the power generation efficiency of the
generator 4 can be improved. In addition, when the output
rotor 6 reaches the specified rotation speed to rotate at high
speed, the running torque of the output rotor 6 is transmitted
to the inertia mass 9 through the centrifugal clutch mecha-
nism 29. Accordingly, the output rotor 6 and the inertia mass
9 are connected so as to be capable of rotating together, and
therefore the inertia moment of the output rotor 6 can be
increased. Therefore, when the one-way clutch 7 releases the
connection between the input rotor 5 and the output rotor 6,
the rotor 42 of the generator 4 does not rapidly decreases the
rotation speed in association with the output rotor 6 but con-
tinues to rotate by the inertia, and therefore the average rota-
tion speed of the rotor 42 can be increased, and the power
generation efficiency of the generator 4 can be improved
more.

The present invention is not limited to the above embodi-
ments described above and can be changed appropriately to
be practiced. For example, in the present embodiment, the
input rotor and the output rotor are respectively provided to
the output shaft and the drive shaft as separate members;
however, the input rotor and the output rotor may integrally be
formed with the output shaft and the drive shaft, respectively.
The output rotor is arranged on the radial outside of the input
rotor; however, the output rotor may be arranged on the radial
inside of the input rotor. In this case, the one-way clutch may
be formed with the outer ring inner peripheral surface as the
cam surface, and the inner ring outer peripheral surface may
be formed as the cylindrical surface. Furthermore, in this
case, the inner ring outer peripheral surface may be formed in
the outer peripheral surface of the output rotor, and the output
rotor may be used as the inner ring.

In addition, the output rotor is formed as the outer ring of
the one-way clutch and the outer ring of the rolling bearing;
however, these outer rings may be provided to the output rotor
as separate members. The rolling bearing that is disposed
between the input rotor and the output rotor is constructed as
the cylindrical roller bearing in order to move the output rotor
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in the axial direction; however, the rolling bearing may be
constructed as a ball bearing in a case where the output rotor
is not moved in the axial direction.

The cage of the one-way clutch comes into contact with the
inner ring of the rolling bearing; however, the outer ring of the
rolling bearing may be provided to the output rotor as a
separate member, and the outer ring may come into contact
with the cage of the one-way clutch. The power generating
device of the present embodiment is exemplified in a case of
using wind force as external force; the power generating
device of the present embodiment may be applicable to the
power generating device that generates electricity by using
other external force such as waterpower or thermal power.

In the third embodiment, the inertia mass is provided to the
output rotor as a separate member; however, the inertia mass
may be integrally formed with the output rotor. In addition,
when the output rotor is arranged in the radial inside of the
input rotor, the inertia mass may be provided in the axial end
of the output rotor so as not to interfere with the one-way
clutch or the rolling bearing.

What is claimed is:

1. A power generating device comprising:

speed up gears including a main shaft that rotates by exter-
nal force, a rotation transmission mechanism that
receives rotation of the main shaft to increase speed of
the rotation of the main shaft, and a roller bearing that
rotatably supports an output shaft that outputs running
torque of the rotation transmission mechanism;

a generator including a drive shaft which is rotated by
receiving rotation of the output shaft and configured to
generate electricity in connection with rotation of a rotor
which rotates together with the drive shaft;

an input rotor provided to the output shaft to be capable of
rotating together with the output shaft;

an output rotor provided to the drive shaft to be capable of
rotating together with the drive shaft and concentrically
arranged on a radial inside or a radial outside of the input
rotor; and

a one-way clutch disposed between the input rotor and the
output rotor, the one-way clutch being configured to
connect the input rotor with the output rotor to rotate
together with the input rotor and the output rotor when a
rotation speed of the input rotor exceeds a rotation speed
of the output rotor and the one-way clutch being config-
ured to release a connection between the input rotor and
the output rotor when the rotation speed of the input
rotor falls below the rotation speed of the output rotor,

wherein the one-way clutch is provided with a torque lim-
iter configured to release the connection between the
input rotor and the output rotor when transmission
torque from the input rotor to the output rotor exceeds an
upper limit and

wherein the power generating device includes a rolling
bearing adjacently arranged on an axial side of the one-
way clutch

wherein the one-way clutch includes an inner peripheral
surface of an outer ring provided to one of the input rotor
and the output rotor, an outer peripheral surface of an
inner ring provided to another of the input rotor and the
output rotor and configured to form plural wedge-
shaped spaces in a circumferential direction with the
inner peripheral surface of the outer ring, and a roller
arranged in each of the plural wedge-shaped spaces,

wherein the one-way clutch is configured to connect the
input rotor with the output rotor to rotate together with
the input rotor and the output rotor by engaging the roller



US 9,322,395 B2

29

with the outer peripheral surface of the inner ring and the
inner peripheral surface of the outer ring,

wherein the one-way clutch is configured to release the
connection between the input rotor and the output rotor
by disengaging engagement of the roller with the outer
peripheral surface of the inner ring and the inner periph-
eral surface of the outer ring,

wherein the torque limiter is provided with an accommo-
dating recess that is formed in the outer peripheral sur-
face of the inner ring, and that accommodates the roller
separated from the wedge-shaped space, when the trans-
mission torque exceeds the upper limit, to disengage the
engagement of the roller with the outer peripheral sur-
face of the inner ring and the inner peripheral surface of
the outer ring,

wherein

the outer peripheral surface of the inner ring is provided in
the input rotor, and

wherein the torque limiter is provided with a separation
prevention device that prevents the roller in the accom-
modating recess from being separated from the accom-
modating recess by centrifugal force due to rotation of
the input rotor.

2. The power generating device according to claim 1,

wherein

a pocket configured to be capable of accommodating the
roller is provided between the outer peripheral surface of
the inner ring and the inner peripheral surface of the
outer ring,
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a cage configured to hold the rollers at specified spacing

along the circumferential direction and an elastic mem-
ber configured to bias the roller in the pocket toward a
narrowing direction of the wedge-shaped space are pro-
vided between the outer peripheral surface of the inner
ring and the inner peripheral surface of the outer ring,
and

the accommodating recess is formed to have a depth in

which the roller is positioned in a radial inside with
respect to the elastic member.

3. The power generating device according to claim 2,
wherein

the elastic member is provided with a block member that

blocks at least a part of the accommodating recess that
accommodates the roller.

4. The power generating device according to claim 1,
wherein

the separation prevention device is constructed such that a

restricting section that restricts the movement of the
roller accommodated in the accommodating recess to
the radial outside is protruded in an edge of the accom-
modating recess in the circumferential direction.

5. The power generating device according to claim 1,

25 wherein

the rolling bearing is a cylindrical rolling bearing.
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